BACKGROUND
The electronic medical record (EMR) is promoted as an integral part of office-based care, and EMR implementation has markedly expanded in the last several years. In 2008, EMRs had been adopted by only a minority of practices, 1 with 13% reporting a basic system and 4% a fully functional EMR. A basic system included patient demographics, problem list, medication list, clinical notes, prescription printing, and laboratory and radiology results. A fully functional system additionally contained medical history and follow-up notes, ordering functions for laboratories and imaging, ability to send prescriptions electronically, and inclusion of electronic images and clinical decision support tools. A 2012 study showed a dramatic increase in EMR implementation, with 72% of office-based physicians reporting use of an EMR. Forty per cent of these reported a system meeting basic criteria including patient history and demographics, problem list, clinical notes, medication and allergy lists, computerized prescription ordering, and the ability to view laboratory and imaging results electronically. 2 Managing information overload is challenging, 3 and EMRs may increase physician cognitive demands. 4 This 'information chaos' is frequent, and has implications for both physician performance and patient safety. 5 A 2010 editorial considered the US investment in health information technology, the expectations around 'meaningful use' of EMR, and the ability of EMR to address quality initiatives given that current EMR do not support care coordination well. 6 As incentives to implement and expand EMR increase, 7 so do concerns about the ability of the EMR to meet workflow requirements.
We used data from the 2001 to 2005 Minimizing Error, Maximizing Outcome (MEMO) Study to assess two areas. 8 First, we investigated associations between the number of EMR features available in a primary care office and physician stress, burnout, job satisfaction, and intent to leave the practice. Second, we examined organizational characteristics such as physician autonomy (work control) and productivity expectations/time pressure that may have modified the relationship between EMR features and physician work stress. Three competing hypotheses were deemed possible: EMR functions would be associated with increased work stress; EMR functions would be associated with decreased work stress; or the presence of an EMR would have no association with work stress.
METHODS

Design and participants
The MEMO Study was designed to assess relationships between the structure and culture of the primary care workplace, physician stress and burnout, and the quality of care experienced by their patients. 8 Investigators recruited outpatient primary care practices from five regions: inner city clinics in New York City and Chicago, Illinois; academic and managed care clinics in Milwaukee and Madison, Wisconsin; and small/rural clinics in central Wisconsin. These areas and clinics were selected for their diverse patient base and a wide range of payers. Physicians were recruited by local site directors during informational sessions at clinics and hospital grand rounds. Eligible physicians included family practitioners or general internists who spent at least four half-days per week delivering primary care. Clinics were enrolled if at least 50% of their physicians chose to participate. A total of 449 physicians from 119 practices consented to participate (59.6% of those approached) and 94.0% of these (n=422) completed the baseline survey for a final participation rate of 56.0%. Non-participants did not differ in specialty or sex from participants.
Main measures
Physicians completed a survey querying time pressure during patient visits (time allotted vs time needed for quality care for routine and follow-up visits), control over 14 workplace issues, 9 job satisfaction, 10 11 job stress, 12 burnout, 13 and intent to leave the practice. Stress and burnout were measured on five-point scales from 1 to 5. This survey also evaluated organizational culture using five scales: practice emphasis on quality; emphasis on information/communication; trust in the organization; practice cohesiveness; and physician-leader values alignment. 14 15 Clinic managers completed a questionnaire querying office characteristics including the presence of an EMR. Managers reporting an EMR completed a checklist of 15 features commonly available on EMR systems, and noted number of years of EMR use at the site. Table 1 provides more information on these physician and EMR measures. Institutional review boards from all participating organizations approved the protocol and participants provided written consent.
Analysis
As a first step in the analyses, we used binary-based latent class analysis (LCA) to sort clinics into clusters based on 15 binary items reported by clinic managers regarding the presence or absence of 15 specific functions available in that clinic's EMR. 16 LCA can detect homogenous subgroups in a heterogeneous group by evaluating and minimizing associations among responses across a set of indicators. The number of clusters were chosen based on the following selection criteria: (1) interpretability; (2) theoretical justification; (3) parsimony; (4) lowest adjusted Bayesian information criteria and Bozdogan's consistent Akaike information criteria 17 scores; (5) average posterior probability in each cluster greater than 0.75 and no more than 10% overlap/cross-membership between non-contiguous clusters; and (6) at least 2.5% of total count in each cluster. Next, EMR, electronic medical record.
we assessed if the four physician outcomes (stress, burnout, satisfaction, and intent to leave) varied across the clusters identified by LCA. A two-level model ( physicians nested within clinics) was used to calculate the mean adjusted response for each physician cluster to each outcome measure. The analyses were adjusted for physician age, sex, specialty, weekly work hours, and years using the EMR. Age, work hours and EMR duration were modeled as continuous variables. No collinearity was observed between these adjustment variables and EMR function group. We calculated Cohen's d-family effect sizes (ES) using mean differences normalized by the pooled SD, and applied the article on medical studies by Reed and Slaichert 18 as a reference point to define small ES as 0.14, moderate as 0.39, and large as 0.61. Finally, we investigated if selected workplace factors (time pressure, work control, and the five scales reflecting organizational culture) differentially predicted physician outcomes based on EMR function cluster. For this analysis we calculated partial regression coefficients, again using a two-level modeling structure ( physicians nested within clinics) controlling for physician age, sex, specialty, work hours and years using the EMR. All models were constructed using Mplus V.7.11.
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RESULTS
A total of 379 physicians from 92 clinics were included in the sample. Mean age was 43 years, 56% were men, and 52% were general internists (48% family physicians). Based on the three parsimony indices, the best fit for the LCA was a three-class solution (figure 1), which was defined as clinics with a high number of EMR functions (50% of our clinic sample), clinics with a moderate number of EMR functions (24%), and clinics with a low number of EMR functions (26%). Managers from nearly 70% of the clinics in the moderate function cluster reported having an EMR system for less than 1 year. Conversely, most of the clinics with a high number of EMR functions had their systems quite a bit longer (an average of 4.3 years); however, nearly a quarter of these managers also reported having an EMR for less than a year. There was no clear association between years since EMR implementation and work stress. Table 2 illustrates the difference in physician scores for the scales measuring job stress, burnout, job satisfaction, and intent to leave. Compared to the low function group, significant associations included: higher stress scores among the moderate function group (moderate 3 Figure 2 contrasts the adjusted means across clusters for physician responses to the stress, burnout, satisfaction, and intent to leave scales. Table 3 illustrates the results from multivariate analyses assessing the associations between various workplace characteristics and physician outcomes by EMR cluster. As an example, for the variable 'time pressure during physical examinations', the table shows how the relationship between perceived time pressure and stress varies by EMR cluster. The numbers in each cell are partial regression coefficients based on a two-level clinic- Figure 1 EMR functions from the clinic managers' survey displayed with the probability of the functions in each cluster.
physician model, adjusted for physician age, sex, specialty, hours worked weekly, and number of years with the EMR system. When looking at the outcomes of physician stress, satisfaction, burnout and intent to leave as a function of time pressure during physical examinations, we see a significant relationship between all four of these outcomes and time pressure, but only for physicians in the cluster with a high number of EMR functions. A similar pattern emerges for time pressure during follow-up visits, with significant relationships in three of the four outcomes, and again, only within the high function group. The directionality of this finding was that higher time pressure was associated with adverse outcomes.
Analyses of the associations between physician outcomes and the other workplace factors (work control and five measures of organizational culture) reveal that time pressure and practice cohesiveness are the only job characteristics in which the findings are restricted to a single cluster (high EMR functionality). We noted a tendency, across all three clusters, for physicians to be more satisfied, less burned out, and more likely to stay in their practice if they reported more work control, greater practice emphasis on quality, higher practice emphasis on information/communication, more trust in the organization, greater workplace cohesiveness, and more values alignment with leadership.
DISCUSSION
Two important issues arise from our findings. The first is that primary care physicians who are using EMR with a moderate number of functions report more stress and less job satisfaction than physicians with low numbers of EMR functions. We Figure 2 Stress scored on five-point scale, ≥3 defined as 'stressed'; Satisfaction scored on five-point scale, ≥3 defined as 'satisfied'; Burnout scored on five-point scale, ≥3 defined as 'burned out'; Intent to leave scored on five-point scale, ≥3 defined as 'likely to leave'. suggest that these physicians were grappling with the process of practice transformation. A hybrid system composed of paper and electronic records necessitates that providers function in two different worlds, each requiring different processes and cognitive demands. Physicians may have had to use computers to view results, but then act 'on paper'. This could lead to problems with coordinating care, and concerns about tracking orders and summaries. The second important issue from our findings is that time pressure was more related to adverse physician outcomes in the high EMR function cluster, and in particular, that time pressure during physical examinations was correlated with all negative physician outcomes only in this group. This suggests that physicians working with highly functioning EMR may be particularly challenged when the time allotted is not equal to the time perceived as necessary to provide quality care. One implication of this finding is that EMR systems may not match workplace processes and flow, 20 thus testing the resilience of clinicians as they attempt to function quickly while the patient is present. 21 This is consistent with O'Malley et al, 3 who noted that managing EMR information overload is challenging. A fully functional EMR may make clinicians aware of the multiplicity of tasks required during each patient visit (health maintenance, quality measures, chronic disease management, social determinants of health, and other documentation requirements). This assessment of work required, potentially a more accurate assessment than could be made with the paper record, leads to the policy question of whether short visits (less time allotted than needed) allow the time necessary for providing contemporary primary care.
A recent study reported that the adoption of EMR to meet meaningful use regulations nearly doubled in primary care clinics from 2009 to 2011. 22 Thus, addressing the challenges for physicians is critical. To mitigate the potential negative effects of practice transformation, it is critical to develop transition strategies that prepare offices for, and try to avoid, increased stress. 23 The taxonomy of barriers to EMR acceptance of Boonstra and Broekhius 24 provides a framework to help leaders address particular challenges. As EMR implementation progresses, stress could be diminished by regular optimization meetings, coupled with a responsive information technology group.
We found that while job stress decreases modestly for physicians with sophisticated systems compared to physicians with a moderate number of functions, time pressure during examinations and office visits was more highly associated with adverse physician outcomes in the high EMR function group. We hypothesize that while these physicians may be increasingly accustomed to their EMR, they are trying to balance an increase in tasks with no increases in time allotted. Future research could identify EMR features that are associated with improved physician outcomes, as well as physician and office work processes that decrease time pressure. Howard et al 25 noted that 'EHR use reduced some clinician work (ie, prescribing, some labrelated tasks, and communication within the office), while increasing other work (ie, charting, chronic disease and preventive care tasks, and some lab-related tasks).' Further studies such as theirs may help reveal ways to remediate physician stress and burnout. Potential facilitating variables such as physician engagement and practice financing also warrant additional study. Longer office visits to accommodate information overload in sites with fully functional EMR, or designating 'EMR catch-up' time (desktop, or patient management slots) during patient care sessions, deserve consideration. 26 Finally, the training, practice, reinforcement and optimization of practice for all members of the care team is a large, time-consuming, and iterative process. Further work is needed to identify the best ways to address these implementation issues.
The results of our study should be considered in light of several limitations. The EMR functions we measured did not include all possible functions, the physician outcome data were self-reported, EMR in different clinics may have come from different companies, and the research sites were restricted to primary care clinics. In addition, this is a cross-sectional study and causality cannot be determined. Strengths of the MEMO Study include the diverse provider base, the large number of clinics studied, and the timing of the study (coinciding with the implementation of EMR nationally). Our work highlights two important findings. First, the stress and burnout data suggest that a practice in transition may be a practice under pressure. Second, physicians working with highly functioning EMR experience a variety of adverse personal outcomes in association with time pressure during office visits and physical examinations. Because EMR may lead to decreased productivity, 22 27 EMR systems should be designed to take into account physician workload and cognitive capabilities. Understanding which EMR features contribute to stress and burnout can help predict unintended consequences for physicians 28 and offer opportunities to optimize EMR features that complement and enhance physician work life.
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